as self-renewal and clonogenicity. 12, 13 PDLSCs are abundant and can be easily obtained from the periodontal ligament. They have the ability of multi-directional differentiation including osteogenic, chondrogenic, neural and adipogenic lineages under certain conditions. 14 Osteogenic differentiation of PDLSCs is being extensively studied owing to its applicability in bone regenerative therapy, particularly in a large scale. [15] [16] [17] [18] Therefore, investigating factors that affect osteogenic differentiation of PDLSCs is necessary for developing novel therapeutic strategies for bone defects.
The extracellular matrix (ECM) exhibits specific biophysical and biochemical characteristics with respect to cell types and locations.
ECM regulates the fate of stem cells that bind to or are in contact with its components. 19 Recently, it was proposed that the mechanical properties of the substrate influence stem cell differentiation. 20, 21 Mesenchymal stem cells (MSCs) underwent osteogenesis when cultured on stiff substrates, whereas they tended to undergo adipogenic differentiation on soft substrates. 22 Additionally, alteration of substrate stiffness affects biological features such as proliferation; for example, MSCs cultured on stiff substrates exhibit increase in proliferative activity compared to MSCs grown on soft surfaces. 23 Therefore, we aimed to detect the influence of substrate stiffness on the osteogenic potential of PDLSCs, which has not been adequately studied so far.
The Notch signalling pathway mainly involves in the determination of cell behaviours like differentiation and proliferation. 24 The impact of Notch signalling pathway during osteogenic differentiation has drawn a lot of attention in many researches. Osteogenic differentiation and mineralization were induced by Notch pathway activation in vascular smooth muscle cells. 25 Osteogenesis in human primary bone marrow stromal cells was enhanced, whereas adipogenic differentiation of these cells was inhibited by the Notch pathway. 26, 27 Moreover, a study indicated that the Notch pathway plays a crucial role during osteogenesis in PDLSCs isolated from osteoporotic rats. 28 Therefore, we attempted to obtain evidence regarding the participation of Notch pathway during the induction of osteogenesis in PDLSCs cultured on substrates with varied stiffness.
| MATERIAL S AND ME THODS

| Fabrication of polydimethylsiloxane (PDMS) substrates
Initially, a liquid oligomeric base and curing agent (Sylgard 184, Corning, NY, USA) were vigorously mixed in varying proportions of 10:1, 20:1, 30:1 and 40:1 (PDLSCs cultured on substrate obtained from each of these proportions were considered as experimental groups for subsequent experiments) with constant stirring.
This mixture was spread on the bottom of Petri dishes (Corning, New York, NY, USA). The PDMS substrates were obtained after the mixture was allowed to cross-link in an oven at 60°C for 24 h.
Subsequently, PDMS substrates were immersed twice in dopamine solution for 24 h to improve the hydrophilicity of the PDMS surface, which increases cell adhesion. Prior to use with PDMS substrates, the Petri dishes were air-dried and sterilized using ultraviolet irradiation for 1 h. In our previous study, the Young's modulus of PDMS substrates has been measured.
| Cell culture
The third molars and premolars of patients (adults and children)
were collected after acquiring consent from their guardians who were informed regarding our experimental purposes and proce- 
| Scanning electron microscope
PDLSCs cultured on PDMS substrates for 2 days were fixed overnight using 2.5%-3% glutaraldehyde. Gradient dehydration was performed using alcohol (30, 50, 75 , 85, 95 and 100%) for 15 min in each dilution. Specimens were cut into small pieces, dried in an exhaust hood, coated with a thin layer of gold and observed using SEM.
| Analysis of cell proliferation
PDLSCs were seeded onto the surface of PDMS substrates with var- 
| Osteogenic differentiation assay
Osteogenic differentiation was induced by transferring PDLSCs into osteogenic medium, which contained the growth medium, 10 mM β-glycerophosphate (Sigma), 50 μg/mL ascorbic acid 2-phosphate (Sigma) and 10 −7 M dexamethasone (Sigma). PDLSCs were treated with BCIP/NBT alkaline phosphatase colour development kit (Beyotime, China) for alkaline phosphatase staining after culturing for 7 days. Additionally, after incubating PDLSCs in osteogenic medium for 14 days, alizarin red staining assay was performed to evaluate osteogenesis in PDLSCs. PDLSCs were fixed in 4% paraformaldehyde for 25 min and then immersed in 2% alizarin red dye for 10 min.
| Polymerase chain reaction
PDLSCs were treated with TRIzol reagent to extract total RNA after induction by osteogenic medium. RNA samples were isolated and purified with RNeasy plus mini kit (Qiagen, CA, USA). Reversetranscription reactions were performed using dissolved RNA samples and a reverse transcriptase kit (TAKARA, Osaka, Japan). Primers are tabulated in the Table 1 
| Immunofluorescent staining
PDLSCs seeded on PDMS substrates were slightly rinsed thrice using PBS, and immobilized using 4% paraformaldehyde for 20 min.
PDLSCs were incubated in 5% goat serum for 1 h at 37°C for blocking and then in primary antibodies (overnight) at 4°C. On the next day, the samples were rewarmed at 37°C for 1 h, incubated in secondary antibodies for 1 h, and in DAPI to stain nuclei for 10 min. The primary and secondary antibodies are mentioned in Table 2 . Images were captured using fluorescent microscope.
| Western blot analysis
Total protein of PDLSCs was obtained through lysing in lysis buffer containing protease inhibitors. The supernatants were collected from the lysates by centrifuging at 10 310 × g for 5 min. After protein samples were solubilized and boiled in sodium dodecyl sulphate (SDS) sample buffer for 5 min, bicinchoninic acid assay was performed to measure their concentrations. Sodium dodecyl sulphate (SDS) -polyacrylamide gel electrophoresis was performed at 100 V for 90 min and the resolved proteins were electrophoretically transferred onto a polyvinylidene fluoride (PVDF) membrane. After being soaked in 5% bovine serum albumin for 45 min, these PVDF membranes were immersed overnight into specific primary antibody at 4°C. On the second day, the membranes were rinsed thrice by Trisbuffered saline Tween (TBST), incubated in an appropriate secondary antibody for 1 h at 37°C, and visualized using enhanced chemiluminescence reagent. The grey value of each protein band was quantified using ImageJ software and normalized to that of the 10:1 group.
| Statistical analysis
The results from independent experiments conducted in triplicates were analysed using one-way analysis of variance (ANOVA) of spss 21.0 (IBM, Armonk, NY, USA) and represented as mean ± SD. The variations among the mean values of groups were considered statistically at P < .05 in the two-tailed test.
| RE SULTS
| Elastic PDMS substrates influenced the cellular morphology of PDLSCs
In our previous study, the stiffness values of PDMS substrates pre- 
| Stiff PDMS substrates enhanced PDLSC proliferation
Cell proliferative rates determine the availability and abundance of stem cells that exhibit regenerative properties. We statistically analysed the measured absorbance value and observed that the proliferation rate of PDLSCs cultured on stiff substrates was higher than that of PDLSCs cultured on soft substrates throughout the experimental period ( Figure 1C ). This indicated that soft substrates lead to loss of proliferative potential of PDLSCs.
| Stiff substrates promoted osteoblastic differentiation of PDLSCs
To investigate the expression of osteogenesis-related genes in PDLSCs, SQ-PCR and RT-qPCR were performed after they were 
| Notch pathway was up-regulated during osteogenic differentiation of PDLSCs cultured on stiff PDMS substrates
We explored the role of the Notch pathway during osteogenesis to understand the mechanism of action of substrate stiffness during osteogenesis of PDLSCs. After the PDLSCs were induced to osteogenic differentiation for 7 and 14 days, the protein levels of NOTCH1 and HES1 were determined using western blot- 
| D ISCUSS I ON
This study indicated that the enhanced osteogenic potential of and NOTCH1 expression levels were assessed using western blotting on day 7 and 14. (C, D), The protein levels were first normalized to GAPDH levels, followed by normalization to that of group 10:1. The results shown are representative of three different samples (n = 3). Data presented are mean ± SD, *P < .05, **P < .01, ***P < .001
PDLSCs. Repair at damaged sites during the reconstruction phase is partially because of stem cell differentiation into tissue-specific cells. 37, 38 [39] [40] [41] [42] Various signalling pathways determine cell behaviour. 43 Among them, the Notch pathway regulates cell differentiation. 44, 45 For dental pulp stem cells, Notch1 signalling enhanced proliferation and regulated cell differentiation. [46] [47] [48] Osteogenesis of PDLSCs isolated from ovariectomized rats was induced by the Notch pathway. 20 In our study, NOTCH, HEY1 and HES1 expression levels were increased in a stiffness-dependent manner in PDLSCs cultured (in vitro) on substrates of varying stiffness in the presence of osteogenic medium, confirming that the Notch pathway participates during osteogenic differentiation in PDLSCs. Although this phenomenon was observed in human PDLSCs, the underlying mechanism remained undefined. Our study indicated that substrate stiffness is an important factor that influences osteogenic differentiation via the Notch pathway. Further studies regarding (i) the mechanism of regulation of PDSLC differentiation by substrate stiffness (studied using broad range of stiffness and in vivo models); and (ii) the involvement of Notch signalling in impairing alveolar bone loss, are necessary for applying PDLSCs in regenerative medicine.
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